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INTRODUCTION

One of the main goa!a of high energy heavy ion physics is to establhh the existence

o[ a decoafined phase of nud_ matter -- the quark-gluon plasma -- at high tempera-

tares or densities. On- possible signature of such a phase transition, espedally if it were

6rat order, would be a lazger source _ or lifetime than a aimilaz h_lxomic system. At

current AGS energies, we attempt to form a quaxk-gluon plasma by a£]aieving a high

bazyon density for a period of time in the center of the collision region [q, Far a given

density tkreshdd, the size of this high density region should be a strong ftmetion of

the impact parameter: the more centra/the event, the lgrger the high density region.

Therefore, one possible signature of a qu_k-gtuon plasma would he a sudden change

in system lifetime or ,ise n_ a ffmctio,_ of the centrality of the collision.

In this talk we present an intriguing effect which was not predicted for simple

haAronlc systems: a rapid inc're_o of the HBT-measurexi som_.e radi_ parsmet_ for

pion pairs with increuiug cemtrallty for A_-Au collisions at a beam momentum of

11.45 A GeV/c on a fixed target. Experience has shown, however, that we must be

cautious in our interpretation. A complete unde_tanding of the colIhfion dynaxuica at

given energy must be built up from severn] measurement_ and new, but couventional,

hadroaic explamatious must be coarddexed for such unexpected effects. Mot,' _,'.udy is

needed, therefore, before any strong conduaious can be reached.

HBT "SOURCE SIZE" MEASUREMENT

Two-pion correlsti6a functions for hoson,, called H_nbury-B_wn "?w_, (HBT)

or Bo_--F, ir)_tei, correlations, provide information abo, t the length; and time Kcal_

whirl:, chaxactefize the pion source. In the _implest ca_es, we can directly re/ate the

correlation hnctio*_ to the foturier transform of the _ouxce distribution and therefore
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t_,e rms geometric size end lifetime of the source. In practice, thls slmp]e interpretation

is _omp_cated by two ei_ects: dynamical correlations and the mixing of space and time.

Dyne.mica_ con_a_on_ are correlations between the apscetlme po_tlon of pion

emission and the pion momentum. Thee lead to effective "coherence lengths": emis-

sion points that are too far apart spaAially cannot e.a_y generate p_s which are close

_u momentum, xual_g the measured source slze parametex sma_x t]_m the geomet-

ric source size. HBT correlations measure the shortest length acalea available, not

necessax_y the geometric length scale in which we _re interested. Some peogzees has

been made in study_xg the effect of dynamical corrections both theo_tically [2] and

experlxnentaliy[3, 4] lint we wl}! ignore them For the purposes of this talk. Since we are

inteeeeted in radius changes rather them absolute s_es, aud since dynamical correlations

will tend to wash out a_y interesting geometric effect rather than cause a centrality

dependence, we _e probably justified in igno_ng them foz now.

The mixing of space end time occurs because most of the HBT "source size" gt

parameters which we can measure involve t mixture of the space and time length scales

in the reference frame of interest: the c/._x'on cents:r-of-mass frame. In general, this

means that the "source duration of en_siou _ fit paramet_, r, is hard to extract. In

some fit forms_ thls manlfe_ts itself as a poor place-space coverage of the correlation

_ction in the v direction. In others, it maui_ts itself as _" being the d_erence, in

quadrature, between ]axle n_ber_.

Even in the presence of tl'.ese complic_tions_ we should be able to extract useful

_.'orm_tion. The one-dimen_onal v_able Qn=_, de_ued as V_ + _o, is conjugate

to a quantity R._r whic_ has a w_U u_derstood mixture of space and time scales:

_"_ + r_ (_ eo@O ' _/R_ + r'

where R isthe gausslan-equlvalent radius parameter, _"isthe gsuuian-equivalent stats-

.ion du_tion, _ is the pa_r velocity given by (/_, + _)/(E, + E_), and 0 is the angle

between _--- _ - _ and ff_,. In our spectx_meter scceptemce, 03_ cos _ 0) _ i. There-

fore, we can control the m_ng of R and _" by fitting the correlation function to a

gaussian in Q_=,.: 1 + Xexp{- Q_=_,R_.=,}. Intere_tin z phyaica could show up _ aa

increased geometric size or a longer lifetime; Rn=, is sensitive to eithez or both sig_ _s.

For this particular measurement _ pion pairs near mid-rapldity in a symmetric

collision -- the collision CM frame is the same as the longitudinal comovin 8 system

frame and we e_e not plagued by questions of which frame to use _s]. Th_ means that

thc one-dlmenslonal fit parameter RR_, ca_ provide us with much of the informa-

tion contained in the more sophisticated m_lti-dimensional fits without _eq_ as

many pion paLrs. The more common one-dlmensiona] fit parameter/_n_, conjugate to

Qi,_ _ _/_ - q_o, is much more difficult to interpret.

APPAR_kTUS

Experiment 866 at the BNL AGS i_ a fixed _arget experiment with _ two-arm

spectrometer {6, _. Mo_t of t1_e data presented here ate fxom the t.992 Au beam when

only one spectrometer (the wide-angle Henry H_igg_s), configured aa in E859, wa_ _ed.

Tb, e data discussed i_ this talk were taken with the _pectrometer at the "21"" _tting.

Only negatively chaxged paztic]es with .:_omenta below 1.8GeV/c which were identified



as pions by the time-of-_ight detector were considered for this analyds. The acceptance

for negative pions at this setting is shown in Fi_e I. The d_ta set con_ts of about

90000 negatively charged pion pairs.
We meuuTe the violence of the collision u_hlg a zero-degree hubonic calorimeter

(ZCAL) which measures the hz_Ixonicenergyinroughlya forwardcone 0_,6< 1.5°.The

fragments from the spectatorbreakup shouldbe mostly containedwithinthe ZCAL,

so the ZCAL energy is proportional to the number of projectile spectator nucleons.

F:om the number of projectile spectators we can eaJ_ly fred the numbs: of p_jectile

participants (Nm,). We expect the violence of the co_don, M mesAured by N_, to be
correlated with the impact parameter of the collision: the more central the event, the

|a_gerthe N_.

RESULTS

For centralevents,the length scale(e.g. radius)of the initialcollidonregion

should he proportional to N_ 3 mince the volume is proportions] to N_. Previous

measurements of H.BT rsdn l_ve alwltys yielded re.sults which scs]ed roughly linea:ly

with N_ a. i_h:thermore, the slopes have always be, e.n gentle in the sense that straight

line fits through the data, R = a + bN_ 3, have yielded intercept values, a, greater than

or equal to zero Iv'el.

Figu_ 2 shows the centrality dependence of the gausslaa R_ffir £t paramete: from

pion pairs ne- - mid.rapidity for Au-Au collisions from E866. The me_ured results cover

span of _bout 30_ of the full spectator energy range available from the collision or
_c most central 15% of the cross-section. It should be noted that we are operating

the ZCAL in an energy range where it is known to beh_ve lineazly and that the bin

width is l_ge compared to the resolution (3-5cr). Figure 2b _aows the dependence of

Rg_, on the calculated quantity N_ 3. The dashed line Rg,,_ = 1.2fro • N_3/V_ is the

expected value for Rp_.r based on the tran6verse sise of the original interaction region

using hard-sphere geometry and assuming thLt RR,,, = R_. = Rz = r. The factor of

V/5 = X/_" V/_ comes from converting a ha:d sphere value to the gsussian form used

in the fit _given the same rme, In the data, the growth of R_ with centrality k steeper
1/3 •

than expected, rising 40% in R while Ar_ ruw.s only hy 7_. Furthermore, the measured
source size for the most central co]lidons is la_er than the o'rtgind interaction region

(assuming R_,,¢ _< R as indicated in Refs. [7, 8]). Given the presence of dynamical
correlations,the true source size might be even la_er.

One possible mundane explanation for this effect is _hat we are sedag a plon
freezeout radius and that the number of pions per pa.rtidpant is larger for central

collisions due to secondary interactions. Preliminary mce_ements of the centrality

dependence of the pies yield [°t are not yet eonc|usive, but the dependence doe_ not

appear tc be strong enough to cause such a steep change in the radiu_. F_rthe_ studies

_e underway {:°]. It is still posfiblc that some smal]c_ secondary e_ect coupled with a

at_ qstica]ly unlikely fluctuation has caused this steep r_se in the data.

SYSTEMATIC CONSYDERATIONS

A_ we pointed out above: it i_ di_cult to understand how dynamical correlatlow
alone could cause a rapid _pp_rent growth of Rn=,., bu_ we must be cgreful. If the mr



Accepted phase space
(Figure adapted from Reference [7])

_,_ L__a_ I I 4, _ _ : I , ,,
1000 _-_-_,-,i,,,l't_'_"

-t-._ Au+Au--_2rf

_-_- 800 -_ 21 ° Se_ing

7

I-_._' _a..t_ L _L__ t_1 _L_a_L_L_LA-_ _a_a__]__-a-a--_

1 1.25 1.5 1.75 2

40O

200

Rapidity



0_

Z o

u'l o 00

c I

_ "_.

"-T-T 1' _/"I I I l i i I i I i Li I t 1'.,1 ', ? i 1 [ I i i t I I I 'z'l_

/\ ",.

'L

i

\

t i ' I I t I I I T I I |

4- _ x

(",4 ('4

• 4_

I,--

\/

m

0
A
v

=1"'1 _ , _, i ii:i_..!_ I,,_[_.L...L

")_

Z

.,@

C'4

C)

(D
(D

oo .....

,q.,D

N

L_
C)
C)
0

C)
C)
uO

C)

/



!.6

1.4

1.2

0.8

0.6

0.4

n2_o

0

i
i 'il ID! -'- ' ' " ' _ ' 500

Entries 54489

Mean 889.5

RMS 554.1

i "-T--r---I--T--)-- )

x2/ndf 46.52 / 46

AO 0.5580 4-

A1 -0.1272E-04 ±
i

0.2252E-01- H
0.2747E-04

I
!

t
,-I

-4
I
!

4

E866 Preliminary
w

w

400 600 800 1000 1200 1400
least/'most central PTpo_,(MeV)



Figure 1. The s_eepts_ for negative plom, in the ES_ s?p_atus for the
data _t dh,cuHecl in ,_]liJ t_.

F]gllre 2. The centrality depeadence of R,. ,. (a) vJ. ZCAL Energy. (b) ,s. N_ 13. The ,oltA poi_,
sze from _h_e 2_r" da_s _t d_cxib_d _n the text. The open stats 4_xe f_om a ze.lated data set with ,L
n_xt'are o! 2r* s_,_ 2_'- data taken at 24 e. The hotiloat_d _=rror _ -how ':he bin niJca, the vc_t_!

error bum 0how the error on the f_t p_4_aetern, _nd Lb¢ d_hed I_ne show, the ,_m_le $eoznetr_

expecta/.ion b_ed on the tran,verle _fiJe ol" the c..ri_nal _x_icipLu_. _ne.



distribution of the pion pairs softened with centrality, this would t.ause an apparent

inc_.aae in the source _ize parametez with centrality since lower mr _ tend to have

a longer coherence |en_h in the presence of dynamical correlations. Figure 3, however,

shows that the Pr (-- i(_ + f2)rl)distribution(and thereforethe n_r distribution)

for accepted pa&rs is identical witkin st=ors between the most and ]east central bins

discussed. Any small difference in the mr distribution allowed by the data would have

a completely negligibleeffect on Figu_ 2.

We also pcr_rmed another systematic test in order to validate the physics results.

The test involved varying the b;_;_g and the two-pa.,_icle cuts applied to the data and

checking that the results did not change significantly. No signillcant vexiatioas were teen

with cut changes or binning cha_ngea _r may of the centrality bins individually or for the

whole data set taken together. Also the X_ values for all of the _ts were reasonable. The

success of t'his procedure gives us confidence in our handling of two-track efiSclendez,

in the lack of ghosts in ou_ data, mad in the stability of the fit procedure.

The finalsystematicconfidcrationis the validityofthe point-sourceGamow cor-

rectionwhich was applied to the data to correct for Conlomb e_ects before fitting.

The point-source procedure has been compared to an iterLtive procedure which tag_.,

flnite-size effect8 into account., le_Iing to the conclusion that the point-source correc-

tion works well enough, esI)eC;_lly for p_ons and for small data samples luch u the one
considered here I_I.



SUMMARY AND OUTLOOK

We have observed _ posalble unpredic:ed, sharp fige in the vz_i_bl¢ //R_ vezsus

centxality (N_ "_)for the mcst central events at AGS enc=giea. The apimtent source si_e

is lc¢_ez (or longer-lived) than the initial Au-Au ovetlap zegioa. Further experimental

study is needed to ira.prove the statistical significance of the _.ault and to dete.rm_e

whether it cam he emplaiaed by conventions hadsoaic me.a_s or whether more exotic

explanations can be admitted.
The E866 data set currently bring aaaly_ed contda millions of pion pai_ which will

allow us to examine multidimensional fits vs. both centrality and mr_. This data

set also includes three global event chaxactezization meuutements: forward energy,

multlplicity, and forwazd-pazticle reaction plane. F_hermore these pion pain will
covet a broad zang,." in/¢_. This data set should allow us to understand the origin of

the intriguing rise i,n RS.-._ with centrality.
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